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£ Atty. Dkt. 

IMPROVING SEM INSPECTION AND ANALYSIS OF 
PATTERNED PHOTORESIST FEATURES 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is related to U.S. Application No. 
(Atty. Dkt. No. 39153/403 (F0942)) by Shields et al. , 
^^e^orrning Sub-Lithographic Photoresist Features by 
Modification of the Photoresist Surface;" U.S. Application No. 
(Atty Dkt No. 39153/404 (F0943)) by Okoroanyanwu et al., entitled Process for 

^^^^^^^ 

Stabilization;" U.S. Application No. ^ ^ 

(F1061)) by Okoroanyanwu et al., entitled "Process for Reducing the CnUcal 
tensions of Integrated Circuit Device Features;" U.S. Application No^ 

(Atty Dkt. No. 39153/298 (F0785)) by Gabriel et al., entitled 
^^resist Hardening to Facilitate Lateral Trimming;" and U^S. 

M (Atty Dkt. No. 39153/310 (F0797)) by Gabriel et 

Application No. i . Photoresist," all 

al entitled "Process for Improving the Etch btatmiry o 

fu 'ed on an even date herewith and assigned to the Assignee of the present 

application. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to integrated circuits 
(ICS ) More particularly, the present application relates to a method and apparatus 
for improved scanning electron microscope (SEM) inspection and analysis of 
patterned photoresist features utilized to fabricate ICs. 

BACKGROUND OF THE INVENTION 

[0003] During integrated circuit (IC) fabrication, various surfaces 
involv ed therein are inspected and analyzed for a variety of reasons. For .ample, 
the dimensions of features provided on a given surface may be measured and/or 
L alignment with respect to other features may be analyzed. Features provided 



Atty. Dkt. 1^9153/405 (F0945) 



on a given surface may be inspected for uniformity, integrity and/or defects. A 
semiconductor substrate, photoresist feature, or a layer above the semiconductor 
substrate can be inspected. 

[0004] The semiconductor substrate or a layer above the 
semiconductor substrate, coliectiveiy, a semiconductor wafer, may be ***** 
determine whether further processing should continue, whether the wafer should 
discarded, or whether an appropriate corrective measure shou.d be taken before 
Her processing of the wafer continues. In this manner, the likelfcood of defects 
occurring during the 1C fabrication process can be decreased or elimmated. 

[0005] Various techniques can be utilized to inspect and analyze the 
wafe , Optical microscopes, scanning eiectron microscopes (SEMs), or laser b.ed 
systems may be utilized for inspection and measurement tasks. Some of the tasks 
req uire human involvement and others are fully automated so that human 
involvement is unnecessary. 

[O0W1 Layer, o. surfaces which are present or. rhe wafer only 
during the .C fabrication process (i.e., lay«s or surfaces which do no, comprise to 
1 produce .« are aiso commonly inspected. Po, example, layers of ph„,ores.s, 
materia, can be inspected Mowing development (^r-deveiop-inspecuon or 
-ADD .0 ensure that the pattern transfer process has been performed correctly 
a^,„, tha, the partem is wimin specified toleranc*. From such ***** 
mi^es „, unacceptable process variations associated with the layer of photons, 
materia, can be identified and corrected sic the layer of pho.or.s.st mater,* 
: e, been utilised to prCuce any physic, chan.es to the wafer itself, such as hy 
dopLg, etching, etc. Defective ,aye,s o, photoresist materia, can be correct* by 
stripping and reapplying a new layer of photoresist material on the wafer. 

[00071 Critical dimensions of patterned features on a layer of 
pbotoresis, materia, are commmdy measured using . SEM inspection and analysts 
1, This measurement task invo.ves obtaining SEM images of the patterned 
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features The SEM inspection and analysis tool obtains SEM images of a given 
sample using an inspection electron beam, the inspection electron beam 
characterized by a low beam current (on the order of P A) and an accelerating 
voltage of approximately 300-1500 V. The sample is rapidly scanned by the 

intentionally affect the sample. 

[0008] The SEM inspection and analysis tool includes an electron 
™ one „, more lens assemblies, and pnotornul.iplier de,ecors, .U wimin a 

electron gun, i.e., the inspection elecftonbeam, are focused by the lens assembl.es 
Tl primary electrons ma, impinge on a sample to be imaged <e. g ., « 
■ayer „ f photoresist materia,,. The interaction o, me impinging 
1 me surface o f me sample cause, secondary electrons to be enutt* ftom the 
Iple. The secondary electrons are generated ftom me top ^ of - san,,e. 
witmn a depth o ( approximately 5M0 A from the top surface. TTese 
elects are collected b, me photomul.iplie, detectors a«d comprtse the mvagmg 
data ftom which SEM images are generated. 

[0009] However, when the photoresist material is an organic-based 
photoresist material, SEM images o, features patterned thereon are susceptible to 
poo, image contra,, — ■ - may lead ,0 erroneous cri.ica, dunens.on 
measurements. SEM mrages with degraded image contrast are caused by 
desirable interaction of the primal electrons with the sample <e. ., *. g»« 
ba sed phoresis, material,. Instead of merely causing secondary electrons to be 
ZJ> ftom me organic-based photoresist mate,,!, me primary elecftons may also 
lose volatile organic series to be emined o, outgassed ftom me orgamc-based 

XL- — <-•■ - °^ sto8 vola,i ' £ orea "", TT 

let wim and scade, me secondary electrons such ma, me secondary electrons 
^ a,, collect by the pbotomultip.ie, detectors a. dis.oried imagrng data 
representative o, the panemed feamres on me photoresist materia,. Consem.en.ly, 
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SEM images generated therefrom are less than ideal, such as, suffering from 
degraded image contrast. 

[0010] Additionally , organic-based photoresist materials have a 
tendency to build up charge and/or heat from the impinging primary electrons (i.e., 
the charging and heating problems). Organic-based photoresist materials exhmu 
insulative properties and can build up charge and/or heat from the beam current of 
the primary electrons. Because the constituents comprising the orgamc-based 
photoresist material have varying insulative properties with respect to each other, 
charge and/or heat dissipation is also non-uniform and/or insignificant. When 
excessive charge and/or heat builds up within the material, structural or phys.cal 
changes can occur such that patterned features may become permanently distorted 
and damaged. Hence, not only are the SEM images inaccurate but subsequent 
pattern transfer to underlying layers of the wafer is also adversely impacted. As 
features are lithographically patterned at ever decreasing dimensions, the 
outgassing, charging, and/or heating problems associated with SEM imaging of 
organic-based photoresist surfaces are becoming progressively worse. 

[0011] Thus, there is a need for improved SEM inspection and 
analysis of patterned features on a layer of photoresist material. There is a further 
need for a process for reducing charging and/or heating problems associated wrth 
SEM imaging of organic-based photoresist materials. There is still a further need 
for a process for reducing undesirable outgassing problems associated with SEM 
imaging of organic-based photoresist materials. 

BRIEF SUMMARY OF THE INVENTION 

[0012] One exemplary embodiment relates to a method of 
inspecting a surface associated with manufacture of an integrated circuit. The 
met hod includes providing an electron beam to the surface, and transforming at least 
a portion of the surface. The method further includes inspecting the surface usmg a 
scanning electron microscope (SEM). The transforming step occurs before the 
inspecting step. 

4 
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[0013] Another exemplary embodiment relates to a patterned 
photoresist layer. The layer is configured to facilitate accurate critical dimension 
measurements of features thereon using a scanning electron microscope (SEM). 
The layer includes a treated region and an untreated region. The treated regron 
comprises a top surface and side surfaces surrounding the untreated region. The 
treated region has at least one of a different electrical and material property relattve 
to the untreated region. 

[0014] Still another exemplary embodiment relates to a process for 
reducing the build up of at least one of charge, heat, and volatile species in a 
photoresist layer during scanning electron microscope (SEM) inspection. The 
process includes exposing the photoresist layer to a flood electron beam, and 
forming a shell in the photoresist layer in response to the flood electron beam. The 
photoresist layer includes at least one patterned feature having a top surface, S1 de 
surfaces, and an untreated portion. The shell is comprised of the top surface and the 
side surfaces. The shell reduces the build up of at least one of charge, heat, and 
volatile species associated with at least one feature during SEM inspection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The exemplary embodiments will become more fully 
understood from the following detailed description, taken in conjunction with the 
accompanying drawings, wherein like reference numerals denote like elements, m 

which: 

[0016] FIG. 1 is a flow diagram showing a process for obtaining 
accurate critical dimension measurements in accordance with an exemplary 
embodiment; 

[0017] FIG. 2 is a general schematic block diagram of a 
Hthographic system for patterning a wafer in accordance with an exemplary 

embodiment; 
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[0018] FIG. 3 is a cross-sectional view of the wafer illustrated in 
FIG. 2, showing a developing step; 

[0019] FIG. 4 is a cross-sectional view of the wafer illustrated in 
FIG. 3, showing an electron beam exposure step; and 

[0020] FIG. 5 is a scanning electron microscope (SEM) analysis 
and inspection tool in accordance with an exemplary embodiment. 
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0021] In one embodiment of the present invention, an 
advantageous process for obtaining accurate critical dimension (CD) measurements 
of features patterned on a photoresist layer during an integrated errant (IQ 
fabrication is provided. An exemplary embodiment of the present invention wul be 
described with respect to a flow diagram shown in FIG. 1. The flow diagram 
inciudes a patterning step 40, a developing step 42, an electron beam exposure step 
44, a scanning electron microscope (SEM) analysis and inspection step 46, and a 
critical dimension measurements step 48. 

[0022] Patterning step 40 is carried out using a lithography system 
10 as shown in FIG. 2. Lithographic system 10 includes a chamber 12, a light 
source 14, a condenser lens assembly 16, a mask or a reticle 18, an objective lens 
assembly 20, and a stage 22. Lithographic system 10 is configured to transfer a 
pattern or image provided on mask or reticle 18 to a wafer 24 positioned m 
lithography system 10. Lithographic system 10 may be a lithographic camera or 
stepper unit. For example, lithographic system 10 may be a PAS 5500/900 series 
m achine manufactured by ASML, a microscan DUV system manufactured by 
Silicon Valley Group, or an XLS family microlithography system manufactured by 
Integrated Solutions, Inc. of Korea. 

[0023] Wafer 24 includes a substrate 26, a layer 28, and a 
photoresist layer 30. Photoresist layer 30 is disposed over layer 28, and layer 28 is 
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43 



1*1 



disposed over — 26. W.fe, 24 can be an entire in,egr»,ed circui, (.C) wafer 
ot par, of » ,C wafer. Wafer 24 „n be , par, o, an .C, such as, a «' » 
pr cli„g uni,, a„ inpu.ourpu, device. S— » - * ' 

. su.. - ^ — * • - ^ Mres 

maKrial. Subs„a,e 26 can include one or more Lye,, o, ma,e„al *id/o, eaiures, 
snch as lines, in.erconnecs, via,, doped ,egio»s, cc., and can further mciude 
d^ices. such as, — . « ' 

diodes, etc. 

[0024) Layer 28 can be an «-* lay", a conducive layer, a 
barrier layer, or orh.r .ayer of ma.eria, ■„ be ercbed, doped, or layered. In one 
IbodinL, layer 28 can comprise one « more layers of maKriais, such^.a 
^silicon comprised o, a plural* of I— layer, ~ ^ 

Z— ^er, sucb a, a S i,icoo nUride layer or . mera, layer. The bard mast 

serve as a pauemed layer for processing subsb* 26 or fo, processmg . 
Zl Zn subslr... «. * y« — embodbnenc, layer 28 is an an.i-refleCive 
IL7 (A RC, S «bs«e 26 layer 28 are no, described in . limiung f.sb.on. 
11 each comprise a conducive, semic.ndocive, or insure ma.enal. 

■00251 Phomresis, layer 30 can comprise a variety of pho.ore.is, 
Ceroids sni*ble for ,imo g ,apb,c applicaiions. Phoresis, laye, 30 is selecedlo 
I pho.ochemical reacions in response ,o elecomagncic — emmed from 
m Lee 14. Ma,e,ia,s comprising phoresis, layer 30 can include, among 
omers a marrix maKrial o, resin, , sensitor or inhibim,. and a solver,,. 
Tlis, layer 30 is preferably a chemically amplified, posnive or nega«.ve 
o^c-based phoresis, Phoresis, laye, 30 may be, bu, ,s no, hrm.ed . , an 
I leW Polyme,, an alicyclicW polymer, o, a phenolic-based polymer, 
aery late d^cu y j DAMm nhotoresist manufactured 

For example, phoresis, layer 30 may comprise PAR700 pho M res,s, 
„y Somhomo Chemical Company. Phoresis, layer 30 ,s deposit, <o, example, 
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by spin-coating over layer 28. Photoresist l.ye, 30 is Prided - • «— - - 

than 1.0 fxm. 

[COM, Chan.bc, 12 of lithographic system 10 «m be . vacuum or 
». pressure Cba.be, for use in ultraviolet (UV,. vacuum u,„.vio,e, ^ deep 
ulnnviolet (DUV). extreme umaviole, (BUV). x-ray, o, otbe, rypes of hthog.aphy. 

Cbl* 12 can contain W - — «- °< — ^ 7" 

l^Uely, cba.be, 12 can be configured to provide a variety of other 

patterning scheme. 

[„»„ Ugh, source 14 provides Ugh. or elecuomagne.ic .adiation 
to0( , 8 h condense, iens assembly lo, mas* », re*c,e = 
2 0 to photoresist layer 30. Light sou,ce 14 ,s an excnner laser m on 

me ultraviolet (UV), vacuum ultraviolet (VUV), deep ultraviolet (DUV), extrem 
ultraviolet (EUV), x-ray or other wavelength range. 

[0028] Assemblies 16 and 20 include lenses, mirrors, collimators, 

r nd/or other optical components to suitably focus and direct a pattern 
beam setters, and/or other opt P ^ ^ ^ 

ofradiationa-cradmuonfrornhghtsourcel 

provided on mask or reticle 18) onto photoresrst layer 30. Stage su PP 

24 and can move wafer 24 relative to assembly 20. 

io is it a hinarv mask in one embodiment. 
r0029] Mask or reticle 18 is a Binary m« 

pa«em, feamre, or device ,o be proved - P»— ^ 
Alternatively, mas* o, reticle 18 may be an auenua.rng »»■« m*. - 
alternating phase shift mask, or other type of n-t o, retrcle. 
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■0O3O1 Utilizing li»og"Pl>"= system 10, d* p-w o, in»g= on 
^ „, ,=,i J IS i. - - " ««— k> " 59 ^ 

^ i«n the mttern on photoresist layer 30. Referring 

The developed pattern includes features 50 and 51. 

• . i t.c\ ha* been developed but before 
[0031] After photoresist layer 30 has been v 

, transferred onto any of the underlying layers, such as layer 28, 

,0032] .» HG. 4, ««c is shown «<* * -»^ 8 
s JX 44 A nooo «"*- ^ 

regions oi transformed into a shell 64. 

« ^on » - — - - " ^ H« » — — - 

[0 033] Electron beam 52 is preferably emitted from an extended 

„ is a uniform collimated beam that is flood 

area electron source (not shown) and ts a un form ^ 
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*«■ source suitable to genera,, elecon — » ^ — * EkCtt ° n 

Vision Corporation. 

[0034] ' The electron beam flood exposure conditions (e.g., beam 
curre nt dose, and accelerating voltage) are selected such that layer 30 will not melt 

curreni, uua , Instead conditions are 

and flow, which will cause distortions m features 50, 51. In tead, 

selected to cause molecules of layer 30 which interact with electron beam 52 to 
selected to tn the extent that the functional 

undergo a chemical change, i .e.. cross-hnktng, to the extent tn 

' „, 0* P o,yme, materia, comprising such molec^e, will become 
imposed. S«s 58 an. 64 are representative *~— °< 

» The Ponion, or MM 50, 5! dt.t electro, bean 5 2 are unable » 

polyme, «— ^ - — 4 ' eetoM * 68 
point of complete decomposition). 

100351 The degree of decomposition that me functional groups of 
fc polymer materia, comprising layer 30 will undergo is a function of the dose of 

,n one embodhnent, electron - » — " . 
current in the order 0, approximately 3 mA. . dose in tne rang, of pproxunately 
ZZ 4000 uCcrn' and preferably, at approximately 2000 ,CW, -d an 
^Z^J^m 3-5 -V. The — are selected* form 

associated .id. SEM analysis and inspection. Alternately, when layer 

ZZL 1, types Of materials, ^ «- — - * *~ " 

T ^ r« arable chemid chafes such ma. the changed pontons 

oHayer^O will facilitate obtaining accurate CD. measurements, as will be described 

in greater detail below. 

,00361 The penetration depth of electron beam 52 into layer 30 is a 

. ( - _ llc co 6 4 i n one embodunent, tne aepm 
the depth or thickness of each of shells 58, 64. in 
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staUs 58 , 64 ca» be s e,e«ed a, , of *. — . - 

b.™ 52 ^ rela.ionship can be approximate!, exp.esseo as: 



0.046 V a 

R s = — T 



1.75 



• *. n th in microns v is the accelerating voltage or 
where *, is the penetratton depth in microns, a 

1 keV and <f is the density of the target material (e.g. , layer 30) g 

approximately 3-5 keV. 

[00371 In any case, the depth of shells 58, 64 is selected in 



A thick 



(e.g., layer 28) of wafer 24. 

[00 39] Tool 100 includes a chamber 102, an electron gun 104 an 
«■ 106 detectors 108, a computer or analyzer 110, and a stage 112. 

— — - — : ;r 

L. aoa.o,^ <A*» «— deVKtS ' 
controllers, storage devices, etc. 

[00401 in one embodiment, chamber 102 is maintained under 

• to\\i in- 7 Torr Electrons are emitted from 
vacuum at a pressure of approximately 10 To, ssembly 

electron gun 104 and configured into primary electrons by 
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106 Optical assembly 106 may be one or more lens assemblies, and may include 

primary electrons 114. Primary electrons 114 impinge on wafer 24, and m 
particular, on layer 30. Tool 100 preferably images a portion of wafer 24 at any 

Alternatively, wafer 24 may be stationary and tool 100 may move during step 46. 

[0 041] Theinteractionof P rimaryelectronsll4withla y er30 
« secondary electrons (not shown) to be emitted from layer 30. The se con^ry 
elect rons are collected by detectors 108 and electrical signals representee thereto 
are communicated to computer 110 for processing and analysis. Although two 
detectors 108 are shown in FIG. 5, detectors 108 may comprise one or more • 
detectors that are suitably positioned relative to wafer 24 to receive the secon ary 
Irons. Detectors 108canbe P hotomulti P lierdetectors. 

wafer 24 i.e., the patterned features on layer 30. Such SEM images are then 
inS pected, either by a human operator or through an — process, to obtam 
CD measurements associated with the patterned features on layer 30 (e.g., the 
lateral dimensions of features 50 and 51) (step 48). 

[0042] Ideally, primary electrons 114 should penetrate layer 30 up 
to a certain depth and only secondary electrons should be emitted from layer 30. 
Otherwise, primary electrons 114 should have no other interaction with or tmpac 
on wafer 24. In reality, SEM imaging causes, among others, a charge to bmld up m 
lay er 30 and/or outgassing of volatile species from layer 30, resulting m SEM 
toag es with degraded image contrast and this, in turn, leading to ~™ 
me asurements. Moreover, the heating and charging occurrmg m layer 30, * evere 
. enough, can cause the patterned features to become permanently ported. The 
electron beam treatment of step 44 advantageously minimizes or elimmates such 
problems. 
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[0043] The cross-linked regions (e.g. , shells 58, 64) of layer 30 
have different structural or material properties relative to the non-cross-linked 
regions (e.g., untreated regions 66, 68) of layer 30. Among others, the cross-linked 
regions are more dense, less porous, and are harder or stiffer than the none cross- 
linked regions. When the depth of shells 58, 64 is selected to be equal to or greater 
than the penetration depth of primary electrons 114, the secondary electrons emitted 
from features 50, 51 are predominantly from shells 58, 64 (as opposed to untreated 
regions 66, 68). Because of the specific properties of shells 58, 64, they will not 
outgas volatile organic species upon interaction with primary electrons 114. 
Moreover, since primary electrons 114 will have little or no interaction with 
untreated regions 66, 68, outgassing of volatile organic species from untreated 
regions 66, 68 is also minimized or eliminated. 

[0044] When the depth of shells 58, 64 is selected to be less than 
the penetration depth of primary electrons 114, the secondary electrons are emitted 
from both shells 58, 64 and untreated regions 66, 68 for features 50, 51, 
respectively. Advantageously, volatile organic species which would otherwise be 
outgassed from untreated regions 66, 68 into chamber 102 are trapped within layer 
30 by shells 58, 64. Hence, shells 58, 64 are configured with respect to the 
operating conditions of tool 100 and the characteristics of the material comprising 
layer 30 (e.g., an organic-based photoresist material) such that outgassing of volatile 
organic species from layer 30 into chamber 102 is prevented, by the trapping or 
barrier capability of shells 58, 64. If volatile organic species were to escape layer 
30, they would interact with and scatter primary electrons 114, resulting in SEM 
images with poor contrast and poor CD measurement accuracy. Examples of 
volatile organic species include isobutene, benzylic photoacid generator fragments, 



etc. 



[0045] Shells 58 , 64 also have different optical and electrical 
properties relative to untreated regions 66, 68. The constituent material elements 
comprising untreated regions 66, 68 (e.g., residual solvent, photoresist additives, 
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etc.) have different electrical properties relative to each other which can impede 
smooth dissipation of the beam current associated with SEM imaging, leading to a 
charge build up in features 50, 51. In contrast, the electrical and optical properties 
of shells 58, 64 are more uniform than those of untreated regions 66, 68. Hence, 
not only are shells 58, 64 less likely to build up a charge, their uniform or 
homogeneous electrical properties also promote smooth dissipation of any built-up 
charge This results in SEM images without degraded image contrast and also 
reduces distortions or damage to features 50, 51, which may occur with significant 
charging and/or heating problems. 

9 

[0046] It should be understood that SEM tool 100 as shown in FIG. 
5 and described herein are for illustration purposes only and are not meant to be 
limiting SEM tool 100 may be configured in a variety of other ways to perform a 
desired inspection of features patterned on layer 30 after development but before 
pattern transfer to underlying layers. 

[0047] Once SEM imaging data have been obtained via detectors 
108, such data are analyzed and processed, as is well-known in the art, by computer 
110 in step 48 to generate CD measurements that actually represent the lateral 
dimensions of features on layer 30. 

[0048] In this manner, charging, heating, and/or outgassing 
problems associated with SEM inspection of features patterned on a photoresist 
layer during IC fabrication can be significantly reduced or even eliminated. An 
electron beam treatment of the photoresist layer to modify its outer surfaces to a 
certain depth leads to the formation of a shell or barrier for each feature patterned 
on the photoresist layer. These shells prevent the outgassing of species winch may 
scatter and interact with the SEM's electron beam and provide a region for smoothly 
dissipating built-up charge or heat from the SEM's electron beam. The resultmg 
SEM images no longer suffer from image contrast problems and ultimately the CD 
measurements obtained therefrom will be highly accurate. The patterned features 
are also less likely to become permanently distorted or damaged as a consequence of 
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undergoing SEM inspection. In one embodiment, charging, heating, and/or 
outgassing problems typically associated with SEM inspection of organic-based 
photoresist layer may be reduced by 95% or better. 

[0049] It is understood that although the detailed drawings, specific 
examples, and particular values describe the exemplary embodiments of the present 
invention, they are for purposes of illustration only. The exemplary embodiments 
of the present invention are not limited to the precise details and descriptions 
described herein. For example, although particular materials or chemistries are 
described, other materials or chemistries can be utilized. Various modifications 
may be made in the details disclosed without departing from the spirit of the 
invention as defined in the following claims. 
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